Abstract: Helical gratings (HGs) have an achievement of flexible mode conversion for fiber-guided orbital angular momentum (OAM) modes. Sampled reflection HGs can realize the generation and conversion of OAM mode with comb spectra. They can be used to simultaneously filter wavelengths and convert modes, and thus may be applied to the hybrid multiplex ing technology with wavelength division multiplexing (WDM) and mode division multiplexing (MDM).
Introduction
In recent years, with the ever-increasing demand for fiber bandwidth in global information, single-mode fiber (SMF), a finite bandwidth capacity, is insufficient to satisfy the requirements [1] .
To expand the bandwidth capacity, after the wavelength divis ion multiplexing (WDM) technology [2] , space-division multiplexing (SDM) [3] , mode-division multiplexing (MDM) [4] [5] [6] including orbital angular momentum (OAM) multiplexing [7] as new fiber technologies have recently been proposed and achieved experimentally. It has been well known that OAM as the new degree of freedom of light has the great prospect of broadening the optical bandwidth [8] . As for fiber-guided OAM modes, vortex fiber or ring-core fiber are usually used to support them with the lowest radial order, and have the characteristic of the large difference of effective refractive index ) within the vector mode groups that may tend to degenerate into linearly polarized (LP) mode in general fibers [9, 10] . Therefore, these fibers are available to transmit OAM modes with low inter-mode crosstalk in optical communication with fiber-guided OAM modes. It has been theoretically studied that HGs inscribed in ring-core fibers can realize flexible generation, conversion, and exchange of fiber-guided OAM modes, which belongs to all-fiber method of converting OAM modes in fibers [11] . In this Letter, we develop the theoretical study for HGs, sampling the modulation of HGs in a ring-core fiber to achieve OAM mode conversion with comb spectra, analogous to conventional sampled fiber Bragg gratings (FBGs) in SMF, but they just can reflect the fundamental mode with comb spectra. The function of converting OAM modes with comb spectra by sampled HGs can simultaneously filter wavelengths and convert OAM modes carried by these wavelengths, and thus may be applied to operate wavelengths and modes in the hybrid multiplexing technology with both WDM and MDM to improve the channel performance of the current optical communication system [12] . The sampled HGs inscribed in ring-core fiber can be formed by rotating and moving the fiber when writing them by the means of point-by-point or a phase mask [13, 14] . The modulation function of a sampled l -fold HGs denoted with , l  can be expressed by
Principle and simulation
cos through the i -th grating section can be written When several sampled HGs are successively cascaded in one ring-core fiber, we can get a hybrid comb spectrum carrying different OAM. We simulate the three cascaded sampled HGs, and get the comb spectrum with multi-wavelength and three OAM states shown in Fig. (3) . The sampled HGs are taken as 1,1  , 1, 2  and 1, 2  with corresponding grating period 467.0  nm, 934.9 nm and 934.7 nm, respectively. The magnified figure shows that each group of peaks at the comb spectrum consists of three kinds of peaks carrying left circularly polarized OAM states with topological charges +2, +1 and -2, respectively, from left to right. The interval between these OAM peaks is very sensitive to the grating period of each of the sampled HGs. The sampled HGs exhibit the coupling manner in simultaneously filtering wavelengths and converting OAM modes carried by these wavelengths. It may be meaningful to design this type of sampled HGs to generate the alike comb spectra carrying hybrid modes or to operate wavelengths and modes in a hybrid multiplexing technology with both WDM and MDM. It is likely that this grating structure can decrease the crosstalk relying on the orthogonality between different OAM modes and increase the bandwidth capacity of multiplexed channels for this hybrid multiplexing technology .
Summary
In this Letter, we have theoretically analyzed the coupling features of the sampled HGs based on the coupled-mode theory and the methods of transfer matrix. The sampled HGs can generate the comb spectrum carrying OAM dependent of the fold number, the grating period and helix orientation of HGs. When cascading several sampled HGs in one ring-core fiber, the hybrid comb spectrum carrying different OAM can be achieved.This special coupling manner of sampled HGs may be potentially to applied to the hybrid multiplexing technology with WDM and MDM to improve the channel performance of the current optical communication system.
